BACKGROUND: A high prevalence of vitamin D insufficiency has been found in the general population, in patients with chronic kidney disease and in kidney transplant patients. During winter there is a higher prevalence of vitamin D insufficiency due to the lack of solar ultraviolet B (UVB) exposure. Kidney transplant patients are advised to avoid sun exposure because of their high risk of skin cancer. This is considered to be one of the main reasons for the very high prevalence of vitamin D insufficiency in these patients. Whether circannual rhythm of vitamin D is totally reversed in kidney transplant patients is not known. 
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Background
Vitamin D is essential for calcium, phosphorus and bone metabolism. In addition there are links between vitamin D deficiency and infectious diseases, cardiovascular diseases and cancer [1] . Vitamin D deficiency is very common in the general population especially during winter with an even higher prevalence in patients with chronic kidney diseases and kidney transplant patients [2] [3] [4] [5] [6] [7] . The major source of vitamin D is the cutaneous production by exposure to solar ultraviolet B (UVB). Only very few foods contain vitamin D. Inadequate exposure to UVB is the major cause of vitamin D deficiency [8] . Factors that influence the cutaneous vitamin D production are time of day, season of the year, latitude, age, skin pigmentation and sunscreen use [8] [9] [10] [11] [12] [13] [14] . The high prevalence of vitamin D deficiency in kidney transplant patients is thought to be due the general recommendation of sun protection and sun avoidance in these patients because of their high risk of skin cancer [15] . Furthermore there are some animal data suggesting that glucocorticoids, commonly used for immune-suppression, can increase vitamin D catabolism and additionally lower vitamin D levels [16] . Whether sun protection alone can decrease cutaneous vitamin D production reversing circannual rhythm of vitamin D in these patients is not known. We therefore measured vitamin D during winter and summer in kidney transplant patients with steroid free immunosuppressive maintenance therapy.
Materials and methods
Patient population
In this single centre prospective observational study all kidney transplanted patients visiting our outpatient clinic in January and February 2011 were screened for eligibility to participate in the study. Exclusion criterion were: any vitamin D, calcium or cinacalcet substitution during the last 6 months, any treatment for osteoporosis, severe hypocalcaemia, uncontrolled hyper-parathyreoidism, treatment with steroids and travels in the southern hemisphere within the previous 3 months. In total 50 patients were eligible and were included in the study after giving written informed consent. Demographics data are shown in table 1. This prospective single centre study was performed after approval by the local ethics committee of the University of Basel.
Biochemical measurements
Non-fasting blood samples were drawn during winter (January/February) and during summer (July/August). ical practice [17] . 1-25(OH)D concentrations (pmol/l) were assessed by ELISA (Immuno-Diagnostic-System Victor, Germany) in the clinical biochemical laboratory at University Hospital Berne and intact PTH by a solid phase chemiluminescence (Immulite 2000, Siemens Germany) in the clinical biochemical laboratory at University Hospital Basel.
Calculation of glomerular filtration rate
Kidney function was assessed from the estimated glomerular filtration rate (GFR) according to the equation from the Modification of Diet in Renal Diseases Study [18] .
Interview
The patients were asked about dietary supplement (e.g., multivitamins, calcium or vitamin D intake) and about their travels during the previous 3 months before study entry.
Sun exposure
All the patients were meticulously instructed about sun protection after transplantation and education was repeated annually. They were recommended to avoid sun exposure from 11 a.m. until 3 p.m., to wear long sleeves, long trousers and a hat or cap. They were instructed to apply the sunscreen to the head and neck, forearms, dorsum of each hands and other sun exposed skin areas, and to use sunscreen with sun protector factor 50 at least once daily. In addition they were given written instructions on how to apply the sunscreen. Sun avoidance was assessed by a questionnaire during summer visit. The patients were asked the following questions: "Do you have direct sun exposure during the spring and summer months between 11.00 a.m. and 3.00 p.m.?", "Do you use sunscreen every day during summer?", "How many times per day do you apply sunscreen?", "When in the sun, do you always wear: a hat or cap, long sleeves, long trousers?"
Statistical analysis
We used JMP software version 8.0 (SAS Institute Inc., Cary, NC) for statistical analysis. Descriptive statistical values are presented as median (range). For categorical data, Fisher's exact test or Pearson's chi-square test were used. Continuous variables were compared with Wilcoxon rank-sum tests. P values were two-sided and a value of less than 0.05 was considered statistically significant.
Results
A total of 50 patients were included. The median time of transplantation was 11.1 years (range 0.8-33.6) and all patients had stable allograft function during the study period (median GFR at study entry 63. .03566). Questionnaires were obtained from 78% of patients (39/ 50). Result of these questionnaires revealed consequent application of sunscreen (at least once daily) in all but one patient. Sun protection by clothes was lower. A total of 62% (24/39) wore a hat or cap, 64% (25/39) long trousers and only 36% (14/39) long sleeves. Consequent avoidance of direct sun exposure during daytime (between 11.00 am and 3.00 pm) was performed by 89% (34/39) of patients. In total, 9 patients adhered strictly to all parts of the recommendations. Only one of these nine patients showed no rise of 25(OH)D from winter to summer. He had a 25(OH)D of 64 nmol/l in the winter and 61 nmol/l during summer (range of insufficiency). We found no differences in the rise of 25(OH)D levels when comparing these 9 patients with the 21 patients with the poorest adherence (median rise 13 nmol/l vs 15 nmol/l, p = 0.91).
Discussion
Sun protection is the main reason for vitamin D deficiency in kidney transplant patients [15] . However, vitamin D deficiency is also common during winter in the whole centralEuropean general population [7, 19] . Hintzpeter found a high prevalence of vitamin D deficiency in the German population, (latitude 47°16`N to 55°04`N) in 68% of men and in 61% of women during winter with a decline to 45% in men, and to 55% in women during summer [20] . The current study from Switzerland (latitude of 47°33`N) revealed that 90% of kidney transplant patients are vitamin D deficient during winter with a significant decrease to 60% during summer, despite very efficient sun protection in our study population. Ewers also found a 81% prevalence of hypovitaminosis D during winter in kidney transplant patients in Denmark where 30% had 25(OH)D deficiency and 51% had insufficiency [2] . This slightly lower prevalence of any hypovitaminosis and especially the less severe degree of hypovitaminosis is probably due to the fact that the majority of these patients (61% of the women and 51% of the men) took vitamin D supplements. In 94% of our patients we found a significant circannual rise of 25(OH) Vitamin D. A probable reason for preserved circannual rhythm of 25(OH)D is that even just 20-30 minutes of sun exposure during the daytime, three times a week, are sufficient for cutaneous vitamin D3 production during seasons with high UVB radiation. So, even very good sun protection will not totally prevent any cutaneous vitamin D3 production. This would also imply that our above mentioned sun protection recommendations for kidney transplant patients were not sufficient enough to inhibit any cutaneous vitamin D production. Marks and colleagues made a similar observation in patients with skin cancer who were recommended strict sun avoidance in a randomised double-blind placebo control trial showing an equal rise of 25(OH) during the study period from winter to summer in both groups [21] . Another reason for preserved circannual rhythm could be that non-compliance with the sun protection recommendations is common in kidney transplant patients despite the answers of high adherence in the questionnaire. Only three patients (6%) in the study population showed absolute no rise of 25(OH)D. One patient was hospitalised for several months during the study period. The second one adhered very strictly to the sun protection recommendations. He remained stable with his 25(OH)D level in the range of 64-61 nmol/l and so was only mildly vitamin D insufficient. No obvious reason was found in the third patient. Beside reduced exposure to UVB radiation as the main factor for hypovitaminosis D in kidney transplant patients there may be other contributing factors leading to this very high incidence of hypovitaminosis D compared to the general population during all the seasons. It is known that glucocorticoid use is associated with low 25-hydroxyvitamin D levels [22] probably due to enhanced 24-hydroxylase activity with glucocorticoid use and thereby decreasing 25(OH)D levels [16, 23] . However our patients were all on a steroid-free low dose dual maintenance therapy with a calcineurin-inhibitor (cyclosporine or tacrolimus) and mycophenolate mofetil or azathioprine, so this factor would have had no impact on the vitamin D metabolism in our patients. Cutaneously produced vitamin D3 is converted to 25(OH)D in the liver by the hepatic vitamin D 25-hydroxylase. It is known that the cytochrome P450 enzyme CYP3A4 in the human liver has some 25-hydroxylase activity [24] , which could be inhibited by cyclosporine or tacrolimus [25] decreasing hepatic 25(OH)D hydroxylation and finally lowering 25(OH) levels in these patients. However this hypothesis is purely speculative. We also observed a significant rise of the 1-25(OH)D (p = 0.003) during the study period, which is probably a con- sequence of the rise of 25(OH)D as GFR remained stable. Ewers also found a positive association between 25(OH)D and 1-25(OH)D levels in kidney transplant patients which was independent of eGFR [2] . This significant rise of 1-25(OH)D is probably also promoted by the up-regulated vitamin D hydroxylation in kidney transplant patients which was shown by Mazzaferro [26] . However the higher level of 1-25(OH)D during summer did not lead to a significant fall in iPTH. Kanter also reported a lack of iPTH fall after oral supplementation with calcidiol 8,000 U per week over 6 months despite higher 25(OH)D levels [27] .
In contrast Courbebaisse reported a significant fall of iPTH (76 to 63 pg/ml, p <0.05) in renal transplant patients after high-dose parenteral substitution with 100,000 U cholecalciferol every 2 weeks over 3 months with an increase of 25(OH)D levels from 14 nmol/l to 107 nmol/l [28] . As parenteral substitution is not convenient in daily practice it remains unclear whether higher doses of oral substitution would have the same effect on iPTH as parenteral substitution.
In the non-transplant population 25(OH)D deficiency is strongly associated with osteomalacia, osteoporosis, reduced muscle strength and increased risks of fractures with a less strong association with cancers, autoimmune and cardiovascular diseases [1] . Whether this is also the case in renal transplant patients is not known. 
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Figure 1
Change of 25(OH)D from winter to summer.
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Figure 2
Seasonal prevalence of 25(OH)D deficiency (<50 nmol/l), insufficiency (50-74 nmol/l) and sufficiency (>74 nmol/l).
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